Recent phylogenetic analyses challenged the traditional generic concept of the Bartramiaceae (apple mosses), especially with regard to the largest genus Bartramia. Although molecular analyses revealed the three Bartramia sections (Bartramia, Strictidium and Vaginella) to be monophyletic, they appeared in different parts of the inferred phylogenies and thus rendered the genus itself polyphyletic. In addition, Anacolia laevisphaera, a tropical montane species, appeared in the section Strictidium, weakening its character as a typical Mediterranean element. Although morphologically similar to members of the section, such as B. stricta, A. laevisphaera has been generally treated within the genus Anacolia based on sporophytic characters. In fact, Anacolia laevisphaera is often confused with B. stricta in sterile condition. A thorough analysis revealed another surprise, in placing A. laevisphaera sister to the Southern South American samples of Bartramia stricta, while the Mediterranean populations of "B. stricta" cluster with the Australian B. breutelii. Subsequent morphometric studies revealed three morpho-species in accordance with the polyphyletically resolved B. stricta. Here we describe the new species Bartramia rosamrosiae to accommodate the Mediterranean and western North American populations of what was traditionally treated as B. stricta.
Introduction
Anacolia Schimper (1876: 513) and Bartramia (Hedwig 1801: 164-165) are two members of the Bartramiaceae, the only family of the order Bartramiales (Quandt et al. 2007) , which belongs to the diplolepideous-alternate mosses. Two species of these genera have puzzled American bryologists for a long time, due to their similar gametophyte: Anacolia laevisphaera (Taylor 1846: 56) Flowers (1935: 155) , described from the Pichincha volcano in Ecuador, and Bartramia stricta Bridel (1803: 132) described from the Magellan's Strait after materials collected by Commerson. They could only be differentiated using sporophytic characters, as Anacolia laevisphaera has gymnostomous, rugulose capsules, while in Bartramia stricta they are striate and have a peristome. However, they are usually sterile, which lead to the assumption that the range of Anacolia laevisphaera reached the southern tip of South America. Nevertheless, Matteri (1983) was able to show gametophytic differences between the strictly southern South American B. stricta and the northern South American/Central American/African populations of Anacolia laevisphaera. But Matteri (1983) did not compare the South American populations of B. stricta with the northern temperate populations of the taxon so identified. "Bartramia stricta" had been considered a prominent member of the Mediterranean bryoflora since Schwägrichen (1816) identified some specimens collected by Desfontaines in "Barbaria" (Maghreb, North Africa) as Bartramia stricta, although he did not have the opportunity to study Commerson's type material in Bridel's herbarium. A year later, Bridel (1817) , who indeed had Commerson's plants on hand, endorsed Schwägrichen's (1816) view that the Mediterranean plants pertain to Bartramia stricta, and so this name became firmly rooted in European (e.g., Bridel 1827 , De Notaris 1838 , Casares Gil 1915 , Mönkemeyer 1927 , Smith 2004 , Ederra 2007 and North American bryology (e.g., Lawton 1971) .
In the frame of a phylogenetic analysis of the Bartramiaceae, Symmank (2007) performed a detailed analysis of Anacolia laevisphaera and Bartramia stricta s.s. to confirm Matteri's (1983) conclusions, and also to resolve the situation of the northern temperate "B. stricta". Symmank (2007) found that the "B. stricta" populations formed a strongly supported clade independent from the strongly supported clade of the southern South American populations, the origin of the type of B. stricta. Another interesting result was the sister relationship between Anacolia laevisphaera and B. stricta s.s. From Symmank's (2007) results, it became clear that the three taxa pertain to Bartramia section Strictidium (Müller 1900: 352) Brotherus (1904: 640) , along with Bartramia breutelii Müller (1858: 162) , an Australian species recently monographed for the Flora of Australia (Bell 2006) , but their relationships have to be ascertained. The aim of this study is, therefore, to morphologically characterize the northern temperate "Bartramia stricta", to unravel its phylogenetic relationships with other members of Bartramia section Strictidium, and determine its precise geographic distribution.
Materials and methods

Taxon and DNA sampling
For the phylogenetic analyses, we selected 36 specimens representing, on the one hand Bartramia sect. Strictidium, and on the other Anacolia and Flowersia Griffin & Buck (1989: 372) , a recent segregate of Anacolia. Within Bartramia sect. Strictidium, the sampling aimed at covering the geographic breadth of each taxon. The sampling was complemented with an additional 17 members of the family, representing the major lineages. In accordance with recent phylogenetic analyses (Quandt et al. 2007 , Cox et al. 2010 , two members of the Hedwigiaceae (Hedwigiales), Rhacocarpus purpurascens (Bridel 1812: 121) Paris (1900: 292) and Hedwigia ciliata (Hedwig 1801 : 40) Palisot de Beauvois (1805 , were chosen as outgroups.
For this selection of taxa, we sequenced the internal transcribed spacers of nuclear ribosomal DNA (ITS1 and 2), and the plastid trnS-rps4-trnT-trnL-trnF cluster (thereafter trnS-trnF), including the rps4 gene, four intergenic spacers separating the genes and a group I intron residing in trnL. All sequences are deposited in EMBL (European Molecular Biology Laboratory); accession numbers are listed together with voucher information in Table 1 .
DNA Isolation, PCR-amplification and Sequencing
DNA was extracted using commercially available spin columns (Macherey-Nagel, Germany) following the manufacturer's protocol. Methods for cleaning and grinding of plants prior to extraction and PCR protocols followed Olsson et al. (2009) . Gel cleaned PCR products were sequenced by Macrogen Inc., South Korea (www.macrogen.com). 
Alignment and tree inference
Sequences were edited and manually aligned using PhyDE® version 0.996 , available at http://www.phyde.de) following alignment rules based on strict motif reconstruction as advocated in Kelchner (2000) and Quandt & Stech (2005) . Primer sequences were clipped off. The reported hairpin associated inversion in P6 of the trnL group I intron (Quandt & Stech 2005) was positionally isolated in the alignment and included in the analysis as reverse complement in order to gain information from substitutions within the detected inversion, as discussed in Quandt et al. (2003) and Borsch & Quandt (2009) . Alignments are available on request from the authors. Indels were incorporated as binary data using a simple indel coding (SIC) strategy (Simmons & Ochoterena 2000) as implemented in SeqState (Müller 2005 (Müller , 2006 . Parsimony (MP) ratchet analyses (Nixon 1999) in PAUP 4.0b10 (Swofford 2003) were performed using command files generated with PRAP2 (Müller 2004 , available at http://bioinfweb.info/Software/PRAP2) implementing 10 random addition cycles of 200 iterations each, with 25% upweighting of the characters in the iterations. Maximum Likelihood (ML) reconstructions were done using RAxML (Stamatakis 2006) . Internal branch support in parsimony and likelihood approaches was estimated by heuristic bootstrap searches with 1000 replicates each.
Bayesian analyses were performed with MrBayes v3.1.2 (Huelsenbeck & Ronquist 2001) , applying the GTR+Γ+I model for the sequence data and the restriction site model (F81) for the binary indel partition. To allow for possibly deviating model parameters among the different regions, the data set was further divided into two sequence partitions (partition 1: plastid; partition 2: nrDNA). Four runs with four chains (5 x 10 6 generations each) were run simultaneously, with a chain sampling every 1000 generations. Tracer v1.4 (Rambaut & Drummond 2007 ) was used to examine the log likelihoods to determine the effective sampling size and stationary of the MCMC search. Calculations of the consensus tree, including clade posterior probability were performed based upon the trees sampled after the chains converged (< generation 500 000). Consensus topologies and support values from the different methodological approaches were compiled and drawn using TreeGraph2 (Stöver & Müller 2010) .
Phylogenetic analyses were conducted on each partition separately. No incongruences were detected. Therefore, only the results from analyses based on the combined data matrix will be presented in the following. Full clade support requires a bootstrap (BS) value of 100 and a posterior probability ( 
Morphological analysis
The morphological characterization was based on herbarium material following standard procedures. Leaves were taken from the tips, middle part and base of mature shoots, and cross sections of leaves and stems were done manually. About 250 specimens were studied, representing three Strictidium clades, namely, Anacolia laevisphaera, southern South American populations of Bartramia stricta, and Mediterranean and North American populations of "Bartramia stricta" (Appendix 1), of which a representative set of 75 specimens (25 specimens of each taxon) were chosen randomly for statistical analysis (Appendix 2). The studied specimens are kept at B, BONN, CAVA, DR, H, K, KOCH, MA, MO, MUB, NMW, NY, and UBC. Characters considered to be important in Bartramiaceae taxonomy (compare Matteri 1983 , Fransen 1995 were measured: thickness of the stem cortex cells, stem diameter, central strand diameter, proportion of central strand/stem diameter, shape of leaf base (triangular vs. oblong), leaf orientation under dry and wet conditions (appressed to spreading), basal margin curvature (recurved vs. flat), shape of marginal cells at distal leaf (linear vs. oblong), shape of distal marginal teeth (nearly isodiametric vs. linear), and number of cells between teeth. Additionally, plant size and foliage density was scored (dense vs. loose tufts) (Appendix 3). Due to the scarcity of fertile specimens, only a few sporophytes were analyzed. Sporophytic characters include length of seta, capsule surface and shape (coded as "striate" if the surface has narrow grooves or channels, and "rugulose" if wrinkled). Qualitative character scoring is indicated in Appendix 4. The morphometric analyses were carried out using XLSTAT 2012 (http://www.xlstat.com). The relationships between the populations under study were assessed by Principal Component Analysis (PCA) using the correlation matrix. The morphometric distinction between the three species was assessed by means of a discriminant analysis with an enter method; eight characters are qualitative and thus stepwise methods are not appropriate. 
Results
Alignment and phylogenetic reconstructions
The combined alignment of the plastid trnS-F region (1988 characters, 221 pi [parsimony informative]) and the nuclear ITS (2252 characters, 277 pi) contained 4240 characters (498 pi) that were complemented by 678 binary sited obtained from a simple indel coding approach, adding another 378 pi sites. The parsimony ratchet analysis of the combined matrix retained 18 trees (length 2247, CI = 0.749, RI = 0.888), while 39 trees (length 1378, CI = 0.730, RI = 0.892) were retained once indels were excluded. Both analyses, however, resulted in congruent trees with similar support values, but with slightly less resolution and support in the latter. The obtained maximum likelihood topology tree is depicted in Figure 1 , complemented with support values from the different analyses.
The backbone topology is fully resolved with generally significant posterior support and moderate to strong bootstrap support (likelihood and parsimony). The only exception concerns the "monophyly" of Bartramia that gains only moderate MLBS support while all other algorithms were not supportive. In addition it has to be noted that the two included members of the genus Leiomela (Mitten 1869 : 253) Brotherus (1904 , which was formerly regarded as a subsection of Bartramia, are nested within Bartramia section Vaginella Müller (1849: 492) . However, the first branching lineage of the Bartramiaceae consists of Anacolia
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Multivariate analyses
Both the PCA (Fig. 2) and discriminant analysis (Fig. 3) differentiate the studied specimens into three groups. The characters related to the marginal teeth shape and structure, and the leaf shape and orientation clearly separate the northern Hemisphere populations of "B. stricta" in a separate group, while the central strand width, the cortex cells walls thickness, and size of the plants, allow separating Anacolia laevisphaera from the southern South America B. stricta (compare Appendix 5). 
Discussion
Taxonomic studies on Bartramia sect. Strictidium led to the discovery that the taxon that was long recognized in Europe as "Bartramia stricta" pertains in fact to an undescribed taxon. It is common in Mediterranean-type climates of the Northern Hemisphere, but it has passed unnoticed until now. The combination of molecular and morphometric analysis mutually strengthen each other, and besides supporting the recognition of this new taxon, allow confirming that Anacolia laevisphaera is a member of Bartramia section Strictidium. In addition, Anacolia cameruniae Dixon (1933: 25) should be synonymised with B. laevisphaera as neither morphological nor genetic differences could be identified. Material identified as Anacolia breutelii var. breutelii from South Africa correspond to B. laevisphaera as well.
Both molecular and morphometric analyses show that the Mediterranean populations (including populations from the US, Canada, and Great Britain), commonly identified as Bartramia stricta, differ from B. stricta s.s. and from Bartramia laevisphaera, and must be recognized as a new species.
If Leiomela is to be recognized on genus level it ultimately renders Bartramia paraphyletic, even if the sectional relationships are not resolved with support. This implies either elevating the three currently recognized sections to generic level or downgrading Leiomela to sectional or subsectional rank. However, the recognition of Leiomela as a subsection of Bartramia or generic rank warrants further analyses as does the broad circumscription of Bartramia. Perhaps the inclusion of further taxa such as Quathlamba Magill (1987: 421) and additional members of section Vaginella and Bartramia will help to resolve this issue in the future.
Taxonomy
Bartramia laevisphaera ( Table 3) Plants moderately robust, green above and reddish brown below, in dense, seldom loose tufts. Stems up to 40 mm high, 0.2-0.4 mm in diameter, erect to ascending, simple or fastigiate and then branches 7-20 mm long, straight or curved at tip, orange, brown or light brown, with abundant reddish rhizoids covering most of basal stem. Central strand wide, occupying 0.20-0.40 of stem diameter, cortex cells large, with thin walls (<2 µm). Leaves stiffly erect, appressed, not sheathing, sometimes somewhat homomallous when dry, erect to spreading when moist, triangular, rarely lanceolate with an almost indistinguishable oblong base and weak shoulders, never sheathing, 1.5-4.5 mm long; margins flat or shortly (0.1-0.6 mm) recurved at the extreme base, unistratose proximally, 2-3-stratose distally; singly or doubly serrate distally, marginal teeth linear, seldom shorter, adjacent or with 1-2 cells between teeth; costa relatively slender, short-excurrent, 60-135 µm wide and 40-50 µm thick at base, dorsally rough in distal leaf; basal cells elongate-oblong to linear for 7-24 juxtacostal rows, isodiametric to short-oblong in 4-10 marginal rows, medial and distal cells smaller and narrower, thick-walled, prorulose on both sides. Sexual condition synoicous, gametoecium terminal, appearing lateral by innovations, perichaetial leaves lanceolate, differentiated from vegetative leaves, with oblong base and more distinct shoulders, limb sometimes linear; costa slender and narrower than in vegetative leaves. Seta solitary, reddish to orange brown, 10-15 mm, straight or scarcely curved, smooth. Capsule erect, ovoid to globose, striate when dry. Spores 22-32 µm, reddish-brown, verrucose.
Etymology:-Dedicated to our friend Rosa M. Ros (Murcia, Spain), in recognition of her outstanding contribution to the study of the Mediterranean bryophytes.
Selected specimens examined ( Ecology and distribution:-Bartramia rosamrosiae plants grow mostly at low elevations, at 50-1100 m. They are mostly found on soil, thin soil over rocks, or crevices in boulders, in shady and moist places, but also in dry to very dry or in temporarily/seasonally moist places, as in California. The nature of the substrate includes sedimentary rocks, slate, limestone, and also artificial concrete walls. The species is distributed in the northern hemisphere (Fig. 6) , mostly occurring in areas with Mediterranean climate. In the western part of North America it is known from British Columbia (Canada) and California (USA). In Europe and Northern Africa it is relatively common in Mediterranean areas, and rare in cooler places with strong Atlantic influence, like Wales (UK) and the Bailiwick of Guernsey in the English Channel. It is known from Azerbaijan, Cyprus, France (including Corsica), Great Britain, Greece, Italy, Morocco, Portugal (including Madeira), Spain (including the Canary Islands), and Turkey. In addition it occurs in Saudi Arabia and Israel. Marginal teeth orientation 0 = whole to 1/2 of cell protruding, 1 = only cell tip (1/3 or less of the cell length) protruding 7
Shape of marginal teeth cells 0 = nearly isodiametric to short rectangular, 1 = linear, long-rectangular 8
Maximum plant height Measured from basal stem attached to the soil to apex (mm) 9
Plant density (tufts) 0 = loose, 1 = dense 10 Leaf orientation in dry state 0 = erect to erect-spreading, 1 = appressed 11 Leaf orientation in wet state 0 = erect-spreading, 
